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WATERLANDINGIN’VIETIGATIONOFA MODELHAVINGA EEANY

BEAMLOADINGANDA 30°ANGLEOFDEADRISE

BySidneyA.BattersonendA.EtheldaMcArver

suMMAm

A modelhavinga heavybeamloadingandanangleofdeadriseof30°
wassubJettedtosmooth=waterimpactsintheIangleyimpactbasin.The
testsweremadeatfixedtrimsof6°,15°,30°,and45°fora rangeof
flight~ath@es fromayproximatel.y2°to!ZX. Thehe*L3adingcoef–
ficient(18.8)wasconstsntthroughoutthetest.

Timehistoriesofhorizontalsndverticaldlsplacemnts,vertical
velocity,verticalacceleration,andpitchingmomentwereobtained.The
resultsme presemtedasylotsshowingthevsriatimoftheexperimentally
deteminedquantitiesconvertedtonondimensionalcoefficientswiththe
flight-pathangleatwatercontact.Throughoutthetestsmximm accel-
erationoccurredsubsequenttochineimmersim.Theim&ctliftcoeffi–
cientincreasedwithtrimupto30°;however,nochsngewasappsrent
betweenthetrimsof30°and45°.Throughoutthertigeofthesetests
thedraftappesredtobesolelya functionofflight-pathangle.

INTRODUCTION

Interestinthehydrodynamiccharacteristicsofconfiguratims
havingheavybeamloadingshasleenstimulatedrecemtlybyboththe
developmentofhigh-length+e~ratioflyingboatssndthecm.sidera-
tionsbeinggiventotheuseofhydrofiapsasa meansforalleviatingsoim
ofthetake+ffandlandtigproblemsposedbyhigh-speedaircraft.
Theoreticalconsiderationsindicatethatlsndingsassociatedwithheavy “- “-
besmloadingswi.Uefiibitgreaterdepthsofimmersioninordertodis-
sipatetheverticalmomentum.Developmentoftheequationsnecessary
topredicttheloadsresultingfromhmersionofsuchconfigurations
hasbeenhsndica.ppedbythelackofpertinentexperimentaldata.Even
thoughthetheorydevelopedinreference1 isverygenerslandindicates
thatthemaximmloadoccurssubsequenttochineimmersionfortheheavy–
bemloadingcase,theequatimsandcoefficientsdevelopedinrefer-
ences1 and2 arelimitedtolandingsinwhichmaximumloadoccurs
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beforeorwithina limltedrangesubsequentto
ordertoccxmerttheequationsto a formvalid

chinehmuerslmoh
fortheheavy=besm+oading

case,thetheorymustbesvehzatedon
memtal.datatodetezmdnetherelative
titles.Thep.rposeofthispaperis
canbeusedinextendingtherangeof
tialamountsofchineimmersion.

thebasisofpertinentexperi- -
importanceof-themrious-quan-
topresentexperimental.datathat
theequationstoincludesubstan-

TestswereconductedintheLangleyimpactbash witha model
havinga dead-risesngleof30°,a beamof1 foot,enda length
of5 feet.ThetotalweightwasU.Y2pounds.Thetestsweremadeover
a verywidetrimrangeinordertosimlatelandingsofaircraftequipped
withhydroflapsaswellaslandingsofseapleneshavinghighlen@h+eam
ratios.!Thispaperpresentstestresultsanddiscussestheeffectsof
variousparameters.

SYMBOLS

P angleofdeadrise, degrees

7 flight-pathenglerelativetoundisturbedwatersurface,
degrees

P densityofwater(1.938slugs/cuft)

T trim angle,degrees.

b modelbeam,feet

g accelerationduetogravity(32.2fps)

2 wettedkeellength,feet(y/sinT)

M ~~tchfng.mo~t,po~d-feet----—. .—

niw impactloadfactor,measurednormeltoundisturbe&water
surface,g units

t timeafte~contact,seconds ‘

v remultant~elocityofmodel,feet~ersecond

w droppingweight,~otids —.

w specificweightofwater(62.4I.b/cuft)

.
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? velocityof
feetper

3-

modelparalleltoundisturbedwatersurface,
second

Y immersionofmodelnormaltoundisturbedwatersurface,

f velocityofmodelnormiLtoundisturbedwatersurface,
feetpersecmd

c1 distancefromreference

q)(A) asyect-ratiocorrectim

Subscripts:

o atwatercontact

tocenterofpresmre,feet

factor

f referredtofrontfittings

s referredtostep

Max maxinnlm

Dim.ensicmlessvmiables:

()nWCz h@act liftcoefficient p p. +#Tob

c-t

heft coefficient
()
x
-b

()timecoefficient‘~
b

()Myitch-memb coefficient
$TO%3

cente~f-pressurecoefficient
()
$

()
beoloadingcoefficient~

wb3

feet
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APPARATUS

TheinvestigationwasconductedintheIangleyimpact%asinwith
thetesteq@puentandti.strumentationdescr:bedtiref%ence3. Thetest

-.

modelwas1 footwideendhada dead–riseangleof30°anda prismatic
sectionfora lengthof5 feet.Themodelwasconstructedofmildsteel,
thepats of’whichwereweldedtogether,S@ wasdesi~edso b% the
strengthofthenodelwassuchthatmy structuraldeformationsunder
loadwerene@igfhle.Theline:sendyertinentdiIM.llsiOIM oftie~del
areshowninfigure1 anda photographofthemodelispresentedas
figure2.

Themodelwasrigidlyattachedtoa load+aeasuringdynemmmterwhich
inturnwasattachedtothecarriageboom..Variatiasintrfiwere
obtainedbyutilizingvariouslengthsoftrimlinksbetweatherear
attachmentpoint0$’thedynamometerandbocnu(fig.2).

Theinstrunwntationused to measureboththeverticaldisplacement
andvelocityendthehorizontaldisplacement.andvelocitywasdescribed
inreference3. Accelerationsintheverticaldirectionweremeasur-ed
bya standardNACAaiz+ismpqdaccelerometerhavinga rsageof-lgfo6g .
andanaturalfrequencyof16.5cyclespersecondwithapproxtitel.y0.65
ofthecriticaldamping.Theinitislwatercontactandwaterexitofthe
modelweredeteminedbyme- ofu electrical-circuftc~letedbythe

~.

water.Completetimehistoriesoftheparameterswereobtainedona
recordingosci~ograph.”A samplerecordisshowninfigure3.

The
that exe

PRECISION

ajqymatusueedinthepresentinvestigationgivesmeasurements
believedcorrectwithinthefollowinglimits:

Horizontal velocity,feetperseccmd. . . . . . . . . . . . . . .*0.5
Verticdlvelocityatcontact>feetpersecond. . . . . . . . . .*0.2
Verticaldisplacement,feet-. . . . . . . . . . . . . . . . . . *0.02
Acceleration,percent. . . . . . . . . . . . . . . . . . . . . . .*5
Time,seconds. . . . . . . . . . . t . . . . . . . . . . . s •*0~005
Weight,pounds.. . . . . . . . . . . . . . . . . . . . .:. , .*2.O
Pitchingmomentaboutfrontfittings,percent---. . . . . . , , , , .*5

.-

.

.
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TESTPROCEDURE

Themodelwastestedat0°yawandattrimsof6°,15°,30°,
end45°inmnoothwater.Thehorizontal.velocityforthesetests
rangedfroma~proxlmately25to90feet~erseccmd,andthevertical
velocityrangedfromapproximately3to10feetpersecond.Thedepth
ofimnersionofthemodelwasmeasuredfromtheinstantofinitial
watercontactandina directicmperpendiculartotheundisturbedwater
surface.Duringtheimpactprocess,a liftforceequsltothetotel
weightofthemodelanddroplinkagewasexertedonthefloatbymeans
oftheliftenginedescri%edinreference3.

Thepitchingmomentwasmeasured-bythedymmometer,thecmstruc–
tionofwhichWaS suchthatpitchtigmomentaboutthefrontfittingsof
themodel(fig.1)wasmeasureddirectly.Thevetiicalloadwas
measuredbyboththedynammeter”sndanaccelerometerlwatedonthe
boom.Compsringthevaluesfrombothinstrumentsshowedthatverygood
agreementwasobtained;however,sincethedataobtainedwiththeaccel-
erometerappearedtohavelesBscatterthenthoseobtainedwiththe
_ometer, theaccelermterretitswereusedtiworkingupthetest
datapresentedinthispaper.

l?srticulmcere wasexercisedduringthetesttoinsurethatonly
theprismaticsectionofthemodelwasimmersed.Thelimitingcondition
wasreachedbymakingtheinitial-runsforeachtrtiatthelowest
flight-@hangleobtainable.Thefli@&pathanglewasthenprogres-
sivelyincreaseduntilthehunersimofthemodelwassuchthata
furtherincreaseinflight-pathenglewouldhavecausedthebowtoenter
thewater.

Themodeltogetherwiththedroplinkagewei@edllY2pounds;however,
theywerefnturnattachedtoa csrriageweighing5600pounds.Thiscon-
ditionsffectedthemotionofthemodelh thatthedragforcesactingon
themodeldidnotdevelopthehorizontalaccelerationthatwouldhave
resultedintheabsenceofthecerriagemass.Thehydr@jnsmicequations
appesringinreferences1 and2 ereina formwhichpermitseparationof
theHorizontalandverticalmass.Thevaluesofthehorizontaland
vertical
compared
Although

wss weresubstitutedintotheequationsandthesolutions
withsolutionsforwhichthismassinequalitydidnotexist.
thesolutionsarestrictlyvalidonlyfortheinfinite-beam
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float,theresultsarebelievedtoapproximatetheerrorwhichcanbe
expectedintheseteste,andtherangeinwhichitismost-serious.
Theresultsofthecalculationsshowedthatithecarriage-amsseffocta
causethelargestdiscrepanciesatthehightrims&d highfl,ight~ath
angles;however,thediscrepanciesinmaximumloaddidnotexceed
5 percentthrou@outthetrimrangeandfligl&path-anglerange
coveredduringthesetest~.

F3K%LTSANDDISCUSSION

Thevaluesoftheindependent.asw&U asthedependentexperimental
parametersarepresentedintable1. Thetestresultsarealsopr*
sentedasylotsshowingthevariationoftheexperimentallydetezmdned
quantitiesconvertedtonondimensionalcoefficientswiththeinitial
flight-~athangleYo. Sincethenondimensionalcoefficientsemrpl~ed
donotincludevalueseffectedbychangesingeomet~endloading,the
resultsarevalidonly~ora prismaticformhavinga dead-riseangle
of300enda be-loadingcoefficientof.~8.8.useofthecoefficients
presentedinreference2 isnot-feasiblesincetheyarebasedonthe
equationspresented@ referance1,end,assuch,containrelationships
specified%ytheequatims.Thetheoreticalequationsareforthecase
ofa prismaticsectimtithinfinitebeenandarevalidonlywhenthe
chineswe notimmersed.Forthiscontitim,-theshapeof+hewetted
areaprojectedintheylaneoftheundistmbedwatersurfaoewill
obvious3ybea trianglefora prismaticbodyhavtiga constam.tdead–
riseangle(fig.4(a)).~however,chineinmersionoccursduring
impactsofa prismaticformhe,vingaconstantdead-riseangle,thepro-
~ectedareatakesthefomof atriengle in the forwardportionwitha
rectangleattaohedtoitasshowninfigureh(b).Verygoodagreement
waso%tainedinreferences1 and2 betweenthetheoretlceLequations
andtheexperimentalresultswhenanaspect-ratiocorrection

tm Tfactor9(A)= l-—
2tanp

wasusedinthesoluticmsforimpactsh

whichthechineswerenotimmersed.Since’thetrimwasassumedto
remainccmstantthroughouttheinmmrsion,theaspect~atiofactorwas
alsoa constantthroughouttheinmmrsion.It:isuncertainwhetherthe
aspect-ratiocorrectionfactortithisformi~validfortheimersions
havingprojectedwettedareasincludingboththetriangularendrec-
tangularforms.Furthermore,theincreaseofthevirtualmassinthe
rectangularportionwilldifferfromthatiremil.tinginthetriangular
portionandtherebyfurthereffectthenetimpactloadpredictedby
theinfinite+eamequations.

Figure5 showsa plotof-theimpactliftcoefficientagainstflight-
pathangleatwatercontact~I&much asthelift–enginecontributed_a .
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forceequaltothedrop-pingweight,1g wassubtractedfromthevaluee
obtainedfromtheaccelerometerrecordsusedindete~fng n -

(k)
inordertoisolatethehydrodynamicimpactforce.Figure5‘slinkthat
theimpactliftcoefficientincreaseswithtrimupto30°;however,no
changeisapparentbetweenthetrimsof30°and450.

Figure6 presentsthedraftcoefficientattheindentofmaximum
displacementend.alsoattheinstentofmsximmaccelerationplotted
againstfli@tiathsngleatwatercontact.A curvecanbefaired
throughallthetestpointscorrespondingtotheinstantofmaxQzm
accelerationW another-curvecanbefairedthroughthosecomesponding
tothemsximmimnersicm.Therefore,theeffectoftrimwasnotpro-
nouncedendthe&aft appeerstobea functionoftheflight=pathangle
dronethroughoutthetrimrage ofthesetests.Max- acceleration
occurredsubsequenttochhe inmersionandpriorton?axhmuuimtnersion
inallcases.Thisfactisbasedonthegeometricinterpretationof
the&rsftcoefficientrequiredateachtrimtoimmersethechineswith
respecttotheundisturbedwatersurface.E waveriseisconsidered,
chtieimnersionwouldoccurevensooner.Atflight--pathsnglessmeller
thenthosqcoveredduringthesetests,maximumloadcouldoccurprior
tochinei?.tunersion.T!hesempleoscillographrecordpresentedin

* figure3clearlyillustratestherelationbetweenthetimeofmaximum
loadandchineimersion.

Theratiooftheverticalvelocityattheinstantofmeximzn
accelerationsndtheverticalvelocityattheinstantofmodelexitto
theinitialverticalvelocityisplottedagainstflight-yathemgleat
watercontacth figure7. Thelargemountofscatterapparentinthe
veloci~ratioisattributedtothefrequency-responseerrorsinherent
inthevelocityrecorder.Thescatterpresentinf&ure7makes,it
difficulttodetemineanyclearlydefinedtrendsoftheveloci~ratio.

Theeffectoftheflight-yathangleatwatercontactuponthetime
toreachmaximumacceleratia,toreachmsximmmdrsft,andforthemodel
to.exitisshowninfi~es 8(a)j8(b),and8(c),respectively.me
vsriationofthetimecoefficientwithflight-pathangleatwatercon-
tactdoesnota~yeartobesffectedbytrimuptothetimeofmaximm
acceleration(fig.8(a));however,atthetimeofmaximumdrsftthe
6°trimresultsshowhighervaluesthantheremainingtrimreaul.ts
(fig.8(b)). Attheinstantofexit(fig.8(c)), the 150 trimretits
areobse~edtohaveslightlyhighervaluesthanthe 30°ad 45°trti
results,whichstillfalltogether.

()Figure9 presentsthepitchti~mentcoefficientat niwu ,

aboutthefrontfiitthgsagainsttheflight~thangleatwatercon-
tact.Sincethedragforcesperalleltothekeelsreverysmall,the
resultsntloadisconsideredtobenormaltothekeel.Therefore,the
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directionoftheresultentloadissubstantiallyperslleltothecenter
lineofthefrontfittingsandthepitchti~nt armcanbeccmsidered
asthedistance%etweentheresultantloadcmtheflostbottamandthe
center.lfneofthefrontfittings.Theeffectoftheinertiaforcecan
beneglectedbecausecalculationsincludingthiseffectshowedittobe
negligiblesincethemodelmassbelowthedynamometerwasonlya mall
partofthetotaldropptigweight.Thedistanceofthecmterof
pressurefromthecenterlineofthefrantfittingisthereforeobtained

fromtherelationcpf= U&
Ww ~’ *

COS T

~ ordertopresentthedataina morepracticalfozznthedistance
ofthecenterofpressurefromthefrontfitting(fig.1)wassubtracted
from36.375inches(canvertedtofeet)andresultedtia valueofcenter-
of-pressuredistancefromthestepcp~ foreachtestrun.These
Valuesof cp~ obtainedatthetimeofmaximumaccelerationaredivided

bythemodelbeamtoformnondimensionalcente~f’=pressurecoefficients

()atthethneof niw- whichareplottedagainstflight-pathangleat
*

watercontactk fi’gure10. Thescatterinthetestdataapyeersrather “
large.Thisscatterislargelyattributedtothefactthattwoe~eri-
mentallydeterminedparametersniw and Mf,withtheattendantexperi- $
mentalerrorsofeach,wereusedinobtainingthevduee ofcentemf-
pressuredistance.

!l%erelatim2= -& representsthewettedlellgbhal-~gtie

, keelofthemodelprovidhgthatwaterrisealcmgthekeeldurhgthe
immersionisneglected.Theratio* isthereforerepresentative

ofthedis&ncebetweenthestepandcenterofpressureasa _proyo&ion
oftheentirewettedlengthalongthekeel.ThisPar-teriSplotted
againsttheflig’ht-pathangleat.yatercontactInfigureU byuseofthe
fairedvaluesordraftcoefficientsfromfi~e 6 andcente-f~ressure-
coefficientsfromfigure20. Fortheinfinite+eamfloat,--thecente~
of-pressuredistenceforwardofthestepwasshowtobeapproxhnately
ane-thirdthewettedkeellength(reference4). Figurel-lshowsthat
thecenterofpressureoccurssubstantiallyforwardofitheone+hird
pointthroughouttheentirerangetested.exceptfortherunsmadeat
450trinattheverylowfligh+pathangles..!l%efactthatthecenter-
of-pressuredistenceissubstantiallygreaterdhanone-thirdthewetted
keellengthfromthestepandevenexceedsong+lf inmostoftheruns
indicatesthata greaterproportimoftheloadoccursintheforward

%wettedportion(fig.4(b)).Thevaluesoftheratio~ lessthan .
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one–thirdoccurrtugh figureU.canonlybeexplainedby tistrtunent
error.Thesevalueswereo%tainedatumparativelysmallhumersions,
endslighterrorsh themeasuredparametersy,niw,end ~ result

&inapparentlylargeerrorstitheratio
1“

Thepitchingmomentatthethe ofmaximumaccelerationwilldiffer
verylittlefromthemaximumpitchingmomentabout.thestepbecausethe
maximumdreftwascmlyslightlygreaterthanthatoccuningatmaximum
acceleration(fig.6),endsincetheverticalloaddecreasedbetween
thesetwovalues,thepitchingmomentchangesverylittle.Themria–
tionofthe~itchin~t coefficientaboutthestepwithflight+path
-e atwatercontactisshowninfigure12. Thevaluesof ~
appearinginfigure12werederivedfromthefairedvaluesoftheimpact
liftcoefficient(fig.5)endcente~f-pressurecoefficient(fig.10).

Therunsmadeathightrims%ndhighspeedsshowedexcessivespray
. characteristics.Densecloudsofspraywerethrownupendreached

heightsequivalenttoapproximatelyfourtimestheove~ modellength
(approx.20ft)oHowever,asthetrimandspeedwerereduced,thiscon-
ditionshowedmarkedimprovement.

.

.

data

CONCLUSIONS

TestsweremadeintheLsngleyimpactbasintoobtainexperhnental
fromsmooth+aterlendingtests_ofa modelhavinga heavybeam

loading,ensngleofdeadriseof30”,enda beau+loadingcoefficient
of18.8.Theresultsofthetestswhichweremadeatconstantweight
andattrimsof60,15°,300,and45°indicatedthefollowtig
conclusions: .

1.Msximumaccelerationoccurredsubsequenttochineimmersion
throughoutthesetests.

2.Theimpactliftcoefficientincreasedwithtrixaupto30°;
however,nochangewasappsmmtbetweenthetrhnsof300and450.

●
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3. Thedraft a~pearedtobea functionoffli@t-pathanglealone
throughoutthetrimrangeofthesetests.

4.Thegreaterproportionofloadwasdevelopedontheforward
wettedportionofthemodelthroughout-restofthesetests.
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I?ed
t’lin

At contaat

Zxii&IE
At exit

I

(s:)(h I.(EL(La)
T=@

I
91.0 2.9 90.9 1.82
89.3 3.089.3 1.95
94.2 koo 94.1 2.41

0.k92 -1.9
.470 -1.6
.449 -1.9

1
2
3

0:20:0.37
.36

.ao .42

T = 15°

1.3
---

.9
1.2
1.4
3.0
1.9
5.4
5.9T‘99.3 2.16

2.18
K 2.20

2.54
% 3.4.0

3.60
N 4.29

5.89
z:; ~.%

89.4
92.2
89.4
92.3
63.4
91.1
52.8
90.6
91.4

3.4
3.5

?::
3.8
5.7
4.0
9.3
9.4

4
5
6
7
8
9
10
IL
B

.[

0.I.251.10.32
------------
.12’71.1 .32
.1271.2
.146 .9 -:2
.1(xI 1.6 .44
.x% .6 .45
.083 2.4 .61
.0!322.6 .63

3,127
3,m

::5;
1,993
4,215
1,507
4,874
4,&8

0.160
.160
.161
.165
.214
.157
.250
.161
.156

0.35
.32
.34
.37
.45
.2
.54

::

0.325
●315
.324
.314
.476
●325
●595
.343
●338

+?.6
+2.3
+.7
+.5

z:;

$::
-5*9

T= 30°

L 262
.258
.283
.410
.274
.289
.283
.283
.283
.291
.287
.594
.613

:%
.%4
L.2k0

0.8
1.8
1.3
2.0
3.6
2.5
2.3
2.0
3.3
2.3
2.7
1.8
3.3

2:;
4.9
4.7

~,2g

6;293
3,-(lo
7,968
7,668
7,943
8,C&I
8,004

$;:;
2,265
2,446
2,457
3,602
3,403

------

6,542
7,853
8,553

10,936
10,814
------
2,944

::%%
4,706
2,43h
1,809
1,394
------

c).135
.134
.141
.=5
.151
.136
.147
.146
.143
.146
.143
.281
.273
.270
.243
.253
.440

-3.1
4.0
-4.4
-3.2

2::

2::

2:;
-6.4
4.9
-3.8
4.7
+*9
-5.6
-3.2

).31-
.39
.43
.51
.54
.62

:$

::
.66
.n
..02
..09
..26
..28
?.18

97.6
96.1

z::
92.7
91.2
91.2
91.2
91.2
$)1.2
91.2
h8.6
:;.;

52:4
50.9
26.7

3.6
4.2

?::
6.9
7.4
7.5

“;:;
7.6
7.7
4.6
6.7
7.6
9.3
9.4
9.3

97.6
96.0

z:;
92.4
90.9
90.9
90.9

g:;
90.9
48.4
45.2
44.4
51.6

g::

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

2.09
2.41’

::E
4.29
4.65
.4.67
4.67
4.74
4.78
4.87
5.43
8.40
9.68
10.22
10.67
20.38

2.02
2.77
3.75
5.20
5.20
5.24
6.g4
9.&
10.64
10.72
13.75
18.60
18.66
19.37

).114
.100
.12.7
.135
.090
.104
.113
.I.20
.104
.1.13
.107
.190
.166
.17’5
.145
.147
.237

).103
.100
.128
.u8
.124
.117
.201
.215
.187
.1%
.214
.260
.275
.----

1.5
1.8
1.7
1.1
2.5
2.3
2 I
2.k-
2.k
2.4
2.4
.8
1.1
1.2
1.6
1.5
.9

0.3
.36
.36
.48
.48
.57
.61
.59
.60
.62
.61
.66
.88
.99
1.08
1.06
1.62

T =45°

1.3
1.6
1.9
2.6
2.4
2.9
.8
1.0
1.5
l.p
.9
.9
.6
---

1.4
2.3
1.6
2.4
2.4
2.3
2.1
2.9
3.5
3.6

k:
4.3
---

0.147
-----
.150
.148
.150
.149
.322
.299
.257
.256
;&6

.498

.435

0.32
----

●52
.72
.75
.75
.82
1.19
1.37
1.38
l.fll

;:,;
2.25

0.27
.36
.51
.70
.72
.72
.79
1.13
1.27
1.22
1.37
lea
1.67
----

93.1
92.4
89*5
91.3
91.3

g:;
43.7
51.4
51.4
34.9
-.3
24.7
28.8

::;
5.9
8.3
8.3
8.4
5..3
7.5
9.5
9.6
8.3

?:;
9.6

93.0

%:
90.9
90.9
91.8
43.1
43.0
50.5
50.5
33.9
27.8
23.4
27.2

).276
.2&)
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.293
.295
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.635
.654
.559
.m
.8s1
L.072
L.365
L.108

-3.1
----
+.6
-7*5
~.;

4:1
4.0
-6.8

2:;
4.4
+!.3
4.3
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Figure 5.-Variation of impact lift coefficient with flight-path angle at water contact.

$ = 3°0;CA = 18.8.
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